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Multi-well Plate Channel Device with Reversible Seals
Haipeng Zhang1, Timothy Wei1, and Sangjin Ryu1, 2

Device Fabrication

Background
— Atherosclerosis is a cardiovascular disease which
causes over 26,000 yearly deaths in the United
States. This disease involves accumulation of
substances in arterial walls (or plaques) that
occurs frequently to arterial regions experiencing
low shear stress, such as bends and bifurcations.
— A possible reason of plaque growth in arterial
walls is the change of endothelial cell (EC)’s
shape, which is related to fluid shear stresses
tangentially acting on intimal layer (the EC
surface) of the arterial wall.
Schematic figure of shear stress acting on endothelial cell surface
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— A commercial 24-well plate was modified by
drilling holes at each well’s bottom, and
observation holes.
— Microchannel layers were made of polydimethylsiloxane (PDMS) using soft lithography. For the
cell culture layer, a transparent film was used as
the base of the PDMS layer, and an Ecoflex layer
was added to the PDMS surface.
— These two layers were aligned and attached to the
24-well plate as shown below (left figure).
Bonding between the Ecoflex side and the PDMS
surface was done via reversible weak bonding.
— Channel layers were assembled to form the flow
path as shown below (right figure). Height of the
main channel: 0.5 mm, cell culture area: 180 mm2.
Schematic diagram of device fabrication and assembly
Top view

Tarbell et al. (2014) Annu. Rev. Fluid Mech.
24 wells plate

— Lambert et al. studied the relationship between
EC shape and shear stress (Lambert et al., 2019)
using a BioFlux system (Fluxion Bioscienes) and
premade multi-well plate microchannel devices to
apply controlled shear stress to ECs cultured in
the microchannel.
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Result / Discussion
— As shown below, the displacement of particles at
different times indicated flow velocity at each z
level in the observation window region.
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— From the above images, the flow speeds at the
inlet and outlet of the main channel were
measured to be 0.2 mm/s, which was used as the
boundary conditions for the CFD simulation.
— In contrast to the particle tracing experiment, the
CFD simulation enabled analyzing the whole flow
field in the main channel. The simulation result
indicated limited region of uniform shear stress in
the main channel as shown below, which is not
desirable for flow experiment with ECs in future.
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— The premade channel devices have limitations in
culturing multiple cell types together and
harvesting cells after shear stress exposure for
downstream biological analyses.
— To overcome these limitations, this study aims to
develop a multi-well plate channel device with
reversible seals that can be assembled with
cellular co-cultures in the channel and then be
disassembled after flow experiment for harvesting
stimulated ECs.

— The fabricated device was tested on the BioFlux
system for flow measurement in the main channel,
which did not include the cell culture well to
mimic the well fully filled with cells.
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— The modified 2 mm wide, straight main
channel enabled larger area of uniform shear
stress as shown below. However, the available
cell culture area decreased.
Simulated flow velocity contour in the modified main channel
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— Flow pattern was measured by tracing 10 μm
diameter beads at various z-levels (z = 0: main
channel bottom) by a high-speed camera with a
20u lens through the observation window.
Velocity [m/s]

— Computational Fluid Dynamics (CFD) simulation
was also conducted using SOLIDWORKS
(Dassault Systems) to aid flow pattern analysis.

— The developed device will be used for applying
controlled flow shear stress to a large volume of
atherosclerosis-plaque-mimicking co-culture of
ECs and other cells.
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— More rigorous flow velocity measurement will be
conducted by using the particle tracking
velocimetry (PTV) method as shown below.
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— Flow velocity measurement was done by particle
tracing only in the limited area, and CFD
simulation was used to analyze the whole flow
field in the main channel and to optimize the
channel design for larger area of uniform shear
stress.

Simulated flow velocity contour in the main channel
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— The developed device can accommodate coculture of large volume of cells and easier cell
harvest after flow experiments.
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— Multi-well plate channel devices with reversible
seals, which can be used with a commercial
BioFlux system, are being developed for in vitro
flow assays of endothelial cells for atherosclerosis
study.
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